Interaction of oxaliplatin, cisplatin, and carboplatin with hemoglobin and the resulting release of a heme group.
Oxaliplatin, carboplatin, and cisplatin are widely used to treat a number of cancers. While their DNA adducts are believed to cause cell death, the involvement of their protein adducts in the toxicity and action of these drugs is unclear. Here, we report the interactions of hemoglobin (Hb) with the three platinum (Pt) drugs, demonstrating the formation of Hb-Pt complexes and the release of a heme group from Hb. Oxaliplatin (0.05 microM) was able to form three major complexes with Hb (3-10 microM) after 1 h of incubation at room temperature, and these complexes accounted for approximately 60% of the total oxaliplatin. Cisplatin and carboplatin formed one major and two minor complexes only after 24 and 96 h of incubation, respectively. Incubation of these Pt drugs (0.05-10 microM) with whole blood of healthy volunteers and the analysis of red blood cells confirmed the relative ability of these Pt drugs binding to Hb. For the whole blood samples incubated with oxaliplatin and cisplatin for 24 h, only protein complexes were detected in red blood cells, indicating a complete binding of oxaliplatin and cisplatin to the protein. In contrast, carboplatin was partially bound; both the free and the protein-bound carboplatin species were detected in red blood cells. The binding of the Pt drugs to Hb was accompanied by the release of a heme group from Hb, which was monitored by size fractionation, chromatographic separation, and selective detection of both Pt- and iron (Fe)-containing molecular species. The released heme was further identified by size fractionation and nanospray mass spectrometry. The findings of the Pt drug interaction with Hb and the dissociation of heme from Hb are potentially useful for a better understanding of the toxicity and side effects of these chemotherapeutic drugs.